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INTRODUCTION 


Volume  VII  presents  an  array  of  machine  plotted  graphs  of 
wake  angle  and  velocity  versus  frequency  In  the  band  from 
4 to  240  Hz  derived  from  the  split  film  transducers.  This 
encompasses  data  In  the  spectrum  through  10  times  rotor  speed 
which  is  1433  RPM  or  23.88  Hz. 


The  graphs  showing  wake  frequency  spectra  are  sequenced  In  the 
same  order  as  the  Outline  of  Wake  Investigations  (Table  I).  These 
graphs  are  dustrlbuted  among  Volumes  vii-a  through  vii-g  by  the  major 
categories  of  Table  I in  the  following  arrangement: 


Volume  vii-a 
Volume  vii-b 
Volume  vii-c 
Volume  vli-d 
Volume  vii-e 

Volume  vii-f 

Volume  vj.i-g 


Build-up  to  Baseline 

Basic  Configuration 

Effect  of  Hub  Caps  Sections  1 & 2 

Effect  of  Hub  Caps  Sections  3 & 4 

Effect  of  Hub  Caps  Section  5 and 

Effect  of  Air  Ejectors 

Air  Ejectors  with  Open  Hub  Caps  and 

Effect  of  Wings  and  Mlsc.  Section  1 

Effect  of  Wings  and  Misc.  Sections  2 & 3 


The  Table  I outline  and  other  material  is  Included  for  reference 
and  as  context  to  the  work  of  each  sub-volume.  Table  2,  the 
List  of  Test  Runs,  arranges  the  runs  in  numerical  order  and  gives 
pertinent  text  parameters. 


The  Index  of  Rake  Positions,  Table  3,  lists  the  hot  film  transducer 
rake  positions  in  the  model  coordinate  system  for  each  rur.  and  its 
test  points.  The  main  feature  of  Table  3 is  the  indexing  of  the 
test  point  number  to  the  model  water  line  station  and  butt  line 
as  it  varied  from  run  to  run.  The  table  groups  the  runs  as  they 
shared  the  indexing  correspondence  of  point  with  position.  It  is 
emphasized  that  the  runs  in  a group  do  not  necessarily  all  share 
the  same  numher  of  test  points  but  they  do  have  same  correspondence 
within  their  respective  ranges  of  test  points. 


The  orientation  of  the  rake  is  shown  plctorially  in  Figures  1 
through  6 for  the  various  test  runs.  Figure  7 presents  a scaled 
drawing  of  the  model  with  reference  to  the  three-axis  coordinate 
system. 
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TABLE  1 

OUTLINE  OF  WAKE  INVESTIGATIONS 

Configuration 

Run 

Base- 

Description 

Code 

No. 

line 

Build-up  to  Baseline 


Nacelles  removed 
. Blades  off,  rotating  hub 


K13+H!-N 

Kn-M+Huo 


" , non-rotating  hub  K13-M+H1>0 


" , hub  off 


Basic  Configuration 

rations  near  Bnpennage 

(a)  15"  Long.  + traverse  at  T/R  C.L.  Kt  i 

(b)  9"  Vert.  + " above  T/R  " 

(c)  2"  " " in  vortex  " 

(d)  8"  - " (oontinue  112)  " 

(e)  13"'  " " behind  stab. 

(f)  Lateral  traverse,  left  stab.  " 
(Che  T.P.  only) 

(g)  Same  continued  " 

(h)  Same  continued  (One  T.P.  only)  " 

(i.)  Lateral  traverse  right  stab.  " 

(j)  T/R  effect  on  wake  K3  j 


scent  Studies 


(a)  Climb  900  FPM 

(b)  Descent  800  FPM 


Effect  Of  Hvib  Caps 


on  Canister 


K, 


(a)  7.6"  dian.  2.17"  ht.  soft  K.  . -H.  n +H.  , 

Pitch  Anns  * 

(b)  7.6"  dian.  2.17"  ht.  stiff  K.-+H.  . 

Pitch  Arms 

(b)  7.6"  dian.  2.45"  ht.  fit.  Ki  3 +Hi  2 
test  oonfig.  +El  n 


Ki  3 +Hi . 2 . 1 +Ir 


149  150 

160  156 

158  156 

159  156 


137  136 

153  156 

207  188 


TABLE  1 (CONTINUED) 


OUTLINE  OF  WAKE  INVESTIGATIONS 


Description 

Configuration 

Code* 

Run 
No.  , 

Base- 

line 

Effect  of  Hub  Caps  (Continued) 

2.  Solid  Caps  Raised  Above  Canister 

(a)  7.6"  diam.  2.45"  ht.  70" 

H1 . 2. 2+Il+El . 0 

208 

188 

depth,  .55  gap 

(b)  10.0"  diam.  3.25"  ht.  1.55" 

H1 . 8 . 1+*1+E1 . 0 

189 

188 

depth,  .50"  gap 
(c)  10.0"  diam.  4.125"  ht. 

H +1  +E 

1.8.2  1 1.0 

It  II  II 

190 

188 

2.05"  depth,  .875"  gap 
(d)  Repeat  of  189 

210 

188 

3.  C£en  Caps  Without  Undexbody 

(a)  10.0"  diam.  1.25"  gap, blades 

”l . 0 . 2+5l+El . o 
H1.0. l'M 

H1 . 1 4 . 1+I1+E1 . 0 

193 

188/166 

(b)  " " " gap,  no 

166 

158 

blades 

(c)  " " 2.05"  gap, blades 

211 

188 

(d)  " " 1.75"  gap,  no 

Hi.o.i-M 

165 

158 

blades 

(e)  " " 1.87"  gap, blades 

H1 . 0 . 3+Il+El . 0 

191 

188 

(f)  16"  dian.  2.00"  gap, blades 

H1  7 1 

hum-m 

H1 . 7.2 

168 

156/167 

(g)  " " " gap,  no 

167 

158 

blades 

(h)  " " 4.00"  gap, blades 

169 

156 

4.  Cpen  Caps  with  Underbody 

(a)  7.6"  diam.  1.25"  gap 

H 1 . 1 1 . 1+I2+e1 . 0 

188 

(b)  

Hi  . l i . 1+I2+E4  # 0 

188 

(c)  center 

Hi . 1 1 . 2+l2 

194 

post 

(d)  10.0"  diam.  .5"  gap,  no 

H1.5.I-M 

164 

158 

blades 

(e)  " " 1.25"  gap,  no 

H1.5.2-M 

161 

158 

blades 

(f)  " " 2.0"  gap,  no 

Hi . 5 . 4-M 

163 

158 

blades 

(g)  " " 4.0"  gap,  no 

Hi . 5 . 3~m 

162 

158 

blades 

(h)  " " 1.25"  gap 

Hi  . 5 .2 

154 

156/161 

•Basic  Code  is  K13. 

ift>*-^<t‘v!ii'<iil»yii^>i 


TABLE  1 (CONTINUED) 

OUTLINE  OF  WAKE  INVESTIGATIONS 

Description 

Configuration 

Run 

Base- 

Code* 

No. 

line 

5.  Miscellaneous  Hub  Covers 

(a)  Hub  fairing  16"  diam.  H x . 3 

(b)  Wham-O-Frisbee  10"  diam.  H1.9.0+E1.2 

(c)  Fab.  glass  Frisbee  16"  diam.  H1.9.1+E1.2 


ffect  of  Air  Electors 


Basic  system  no  blowing 
" " 40  psi 

" " 150  psi 

Wide  chord  shroud  40  psi 
Wide  " " 150  psi 

W/C  shroud  w.  lip  40  psi 
Same  Contoured  Parallel  150  psi 
Bifurcated  duct  0 psi 
" " 40  psi 

" " 150  psi 


Air  Ejectors  with  Open  Hub  Caps 


with  Underbodies 

1.  7.6"  diam.  1.25"  gap,  0 psi 

2.  " " " " 20  psi 

3.  " " " 40  psi 

4.  " " " ” 150  ps 

5.  " " " " 0 psi 

6.  " " " " 40  psi 

7.  " " " " 150  ps 

8.  Same  with  center  post 

9.  10.0"  diam.  2.0"  gap  wide  ch 
shroud  (150  psi) 


Effect  of  Wings  and  Misc. 


1.  Wings 

(a)  Nacelle-mounted  stub  wing 

(b)  Single  slotted  flapped  wing 

(c)  Dougle  slotted  flapped  wing 

(d)  Boom-mounted  stub  wing 


Hi . o+El . 0 

rt  it 


Hi . 0+E2  .5.1 


H 1 ’ ° +E  3 * 5 ’ 2 

h1;K3:o5-4 


172  156 

173  156/172 

174  156/172 

175  156/173 

176  156/174 
184  156/173 
187  156/174 

203  156 

204  156/203 

205  156/203 


Hl . 0+Wl . 0+El . 1 
Hi . 0+W3 . 0+El . 0 
H1 . 0+W2 . 0+El . 0 . 

H1.0+W4.0  186 


* Basic  Code  is  K13 


TABLE  1 (CONTINUED) 

OUTLINE  OF  WAKE  INVESTIGATIONS 

Configuration 

Run 

Base- 

Description 

Code* 

No. 

line 

2 . Crcwn  Fairings 

(a)  Flat  top  behind  shaft 

Ki i+Di 

140 

138 

(b)  Round  top  behind  shaft 

Ki i+D2 

141 

138 

(c)  Extended  flat  top  fairing 

Hi+D4 

170 

156 

(d)  Flat  top  + 16"  cap,  4"  gap 

Hi  . 7 . 2+D4 

171 

170 

(e)  Forward  fairing/nacelle  fairing 

pl  • 0 

152 

156 

3.  Surface  Devices 

(a)  Vortex  generators 

Ku+VG2.i 

139 

138 

(b)  Guidevane  between  nacelles 

Ki 1 +FV 1 

142 

138 

(c)  Longitudinal  strakes 

Hi  . 5 . 3+s4 

155 

156 

(d)  14%  porosity  spoiler 

Kn+Xi 

143 

138 

•Basic  Code  is  K13  unless 
noted  otherwise. 


TAULE  2.  LIST  OF  TEST  RUNS 
BASIC  INVESTIGATIONS  OF  THE  HUB  WAKE 


TABLE  2 (CONTINUED)  LIST  OF  TEST  RONS 

EVALUATION  OF  WAKE-ALTERING  DEVICES 


33-M+H3  0.1/  10"  open  hub  cap, no  under- 
body,same  cap  vert. position  as  Rjn  154 

33-M+H1<0.2/Same  as  165  with  cap 
lowered  by  0.5" 
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FIGURE  7 -1/4.85  SCALE  MODEL  GEOMETRY  AND 

SURFACE  PRESSURE  TRANSDUCER  LOCATIONS 


am 

IB 

IES&33BH 

By 

SB 

Bfl 

w 

in 

M 

Bl 

SB 

s 

B 

SB 

■I 

Sp 

IB 

3 

il 

S3 

P 

31 

SB 

■ 

ip 

Pi 

Bl 

lB 

p 

B 

SB 

B 

Bl 

IB 

H 

3 

iB 

B 

Bl 

IB 

B 

n 

SB 

n 

Bl 

IB 

H 

II 

SB 

B 

Bl 

|B 

H 

3 

iB 

B 

Bl 

|B 

B 

iB 

B 

Bl 

B 

fi 

B 

iB 

3 

Bl 

B 

X' 

ai 

m 

Bl 

B 

b 

B 

Bl 

B 

$|| 

B 

Bl 

B 

3 

B 

aB 

B 

Bl 

B 

aB 

B 

Bl 

B 

i r-" 

“1 

Q3«  4 

-• 

■j 

r * r 1 

- - ♦ 

‘ ~ 

HOT  FILM  WA*E  FREQUENCY  ANALYSES 

Bfcsanc  Bimji-up  nacelles  ofE 

HUN  149  TP  3 j 


CM  PAUAICTER 


t 

i 

a? — 

i 

I , 

4 ;4--i 

\ , 

1 1 

• 

» 

i 

1 : 
— 

j| 

, ; i 

* 

— - 

r I r ! 

i 

1 

s 

a 

i 

j ! 

j i 

* 

i 

i 

3 

• < 

• - 

j 

1 

— — — 

1 

■ 

1 

r 

1 

i 

Tj  r 

! i 

rp  ~ 

• 

*•  — *■  • i 

• : .. 

r 

— i . j 

— fla-  - - 

-j 

1 i 

l 

; 

i 

— i 
1 

— Hr — 

rT" 

1 j 

|U 

- — - . ^ 

& 

X 

f— 

T 

~ - ■ 

ffl(,  . . 

tt: 

* i 

in 

*~r~f 

i 

i - 

! 

— t ■ 

44 

[ | 

! 

i 

- 1 

! i 

» 

... 

L ; ' ’ 

mug 

in 

! 

r i 
— i 

4 

i 

i : 

IHflli 

mm 

1 

— i 

srui 

ini 

fw 

l 

] , 
1 ; 

[glfifl 

|B| 

jn 

| ' t 

-im^d 

mm 

iJBE 

iff 

w 


T"7 


Htir  FILM  WAflE  FREQUENCY  ANALYSIS 
BASELKC  BUIUHJP  NACELLES  OFF* 
RUN  140  TP  8 ! 


CH  PARAMETER 


L 

nr% 

... 

rl 

t 

• 

. i 

i 

i 

. 

* 

Din 

i 

■ 

t 

L 

no. . 

99 

f • 

i 

. i - 

,i 



: 

l- 

Or  FILM  WAKE  FREQUENCY  ANALYSIS 
BASELINE  BUILD-UP  NACELLES  OFF 
RUN  H9  TP  7 


CM  PARAMETER 

66  V-ALPHA 


-J ! 

1 * 
j V 

i 

- » — 

- j— 

r — ! 

- ! • 

1 

» 

i 

• j - • 

: 

i 

■; 

j . 

i ..... 

: 

f : 

1 

» 

i 

4— .. 

1 

1 

i 

i 

r v 

i 

i , 

i 

j. . 

I 

! 

i 

! 

! 

: 



j 

1 

J 

' 

. 

— 

_ ^ 

1 ... 

i 

i 

r ■ ~ 

i-H 

i 

- 

i 

1 

- 

j 

J 

s 

! 

— i — j 

I 

-- 

| 

1 

1 

n 

i 

L. 

~ j 

1 

* 

i 

i 

1 

i 

[■ " 

: 

l 

. J 

1 

l 

1 

J 

i—  - 

- J 

j 

. I 

tr 

a 

if 

1 

sj 

3 

L £_ 

n 

SB 

Bn 

. . 

i 

i 

m 

■HI 

Ml 

1 

1 

73 

SF**!!?! 

m 

j I 

! 

i> 

1 ' 

: • 

....1  . 

. 

j. ..  i 

J 

| 

1 

i 

l 

. 

1 

. j i 

L-  j . 

j 

i 

' 'j  1 

1 

— —t 

■ ! 

r 

! 

t 

h-r 

i 

:tu 

! 

i . 

» 

T 

4—, 

i 

1 t 

i 

. .j- 

i 

: L 

I 

. • 

1 1 

i 

L 

a 

■ • i 

|j| 

nil 

■ill 

ILH 

aTw 

’TrTi 

iTlpB 

12231 

WSln 

5BW 

HPi  V 

vis 

ilM 

at 

- 

jjtfiUj 

n 

r H 

IB  W 

|§j| 

HIM 

m 

HIM 

iii  g 

m\ 

u\ 

mil 

1 

ILftl! 

7 

- 

x 

h—  - 

Wr' 

T 

. 

rr 

" " 

i 

• 

. 

r • 

i 

i...  . 

— • 

— 

u 

L ; J 

... 

L 

. 



i 

. . . . 

l 

r 

ID*' ' 

j 

, 

r • f 

i 

. 



1 

j ■ 

L... 

h-  1 

h 

... 

• 

* ‘ 

!*■ 

X. 

X . 

• ■ 1 

..  J 

• 

. i 

. ... 

i 

i j 

• ' 

_ 

— 

t 

ITT'  ’ 

eh 

■■1 





...... 

_J 

l_l_i 1 

t ^ 

...  - 

- 

a 

[... 

i • ! 

. 

. 

“j 

j 

i 

IT 

H 

tlJ*  " 

i 

! 

- 

j 

l. 

... ... 

- 

s 

- r 

r; 

1 

■ 

i 

\ 

; 

1 

■ 

r | " 

-4  - 

...  L ... 

- 1—  ' 

lie*  " 

L. 

, < 

„ . 

i 

. 

- - 

. 

. . J 

m 

4 

• < 

" "t 

1 

i 

_ 

j 

J 

_ 

X I 

i 

_ . 

■ 

[ J 

. 

: 

tJTr 

lT 

: 

II 

T~* 

t 

i 

‘ 

1 

Xj 

T 

_ 1 

II 

: 

' 1 

. 

Ml 

■ i _ 

. J 

n 

□x 

k 

i 

ViW 

us 

l r 

r;1 

MM 

i m 

un 

fi” 

m 

m 

H 

■■ 

Ml 

A 

vv5j 

■iCZEl'lTCSmV?1 

JZ 

LJ 

mSCui 


Vav  we 


ji 

Hf 

hHMI 

■TTM 

HMSTl 

F 

r 

; 7 

i 

f=F 

T r 

1 | 

r 

1 

i 

t 

L 

i 

i 

I 

r i 

■ It 

i 

i 

7 

i 

r* 

i 

1 

. -i 

t: 

! 

i 

j 

f 

. i 

i 

i 

l 

! 

r 

! 

. 

* “ r 

| 

| 

1 

1 

j 

: 

t 

I 

T I 

L.J 

1 I 1 

T 

L 

■ r 

i 

i'" 

; l 

i 

..... 

i 

1 

i 

J 

1 

i 

■ 

i 

... 

1 

um\ 

IBS 

r* 

-CH 

— - — r ' - 

LQttUP 
. paAameti 

fc£.  .. 

r_T1 

. 

fit 

; 

...  • . 

.... 

r 

. J 1 



........ 

1 

.J 

r 



.... 

... 

... 

1 

i 

' 

.... 

...... 

■ ! ■ i T ' 

I 

i 

"T" 

j 

. 

— — *• 

- . .. 

— 

, 

I" ) 

; | 

j 

-- 

: 

. . . . 

...... 

LL, 

— 

1. 

-4 

L 

■ 

h“' 
„ ! j 

T 

| 

L- 

• 

I 

• 

■ j' 

..  i 

h-U 

' 

. 

* - 

; 

. _ 

1 

i 

r *■ 

.. 

- 

i 

i 

i 

. .j... 

_ 

' 

. 

“1 

j 

T " 

| 

T 

i 

| 

j- 

1 

. 

i 

. 

'*T“ 

. ! 

. 

— 1 

;]•  '• 

|_  4 . 

m 

i 

I 

11 

* 

| : 

1 1 

MB 

mums 

RIGS 

SI 

Si  sES 


HOr  FILM  WAKE  FUEDUEJCT  ANALYSIS 
VASELINE  REPEAT  AT  HMT  j...  j 


- 3 TgHgBHl 

BSSS8BS 

KJL 

M 

i 

1 

• 

i 

1 i 

i 

: i 

to*- 

1 

— . 

! 

i 

l 

• 1 

! 

' 

t 

— 

1 • 

1 

. 

1 . 

■ 

1 

— L 

JJ 

Ill 

IBB 

in 

9a 

■■a 

I B| 

IBB 

IB9 

■IHI 

M 

■■ 

SwR 

lH 

liH 

|IB 

IB 

IB 

IB 

IB 

80 

IB 

IB 

IB 

IB 

||| 

IB 

IB 

IB 

B 

H 

(■ 

B 

IB 

B 

IB 

B 

B 

B 

IB 

B 

■ 

■ 

|B 

§§ 

B 

fl 

IB 

B 

fl 

fl 

IB 

n 

B 

H 

IB 

B 

II 

■ 

IB 

fl 

H 

fl 

B 

B 

B 

|B 

B 

B 

fl 

IB 

B 

a* 

B 

|B 

B 

B 

B 

||| 

n 

B 

B 

IB 

p 

B 

B 

m 

fl 

HI 

B 

iB 

B 

fli 

fl 

8 

n 

H 

B 

ill 

1 

H 

B 

Ki 

SB 

B 

:r  analysis 


!■ 

AD-A0fa2  639 

UNCLASSIFIED 


BOEING  VERTOL  CO  PHILADELPHIA  PA  F/G  1/3 

INTERACTIONAL  AERODYNAMICS  OF  THE  SINGLE  ROTOR  HELICOPTER  CONFI--ETC(U) 
SEP  78  P F SHERIDAN  DAAJ02-77-C-0020 

USARTL-TR-78-23G-V-7A  NL 


2 of  3 

ADA 

062639 

m 

\] 

ill, 

l%#« 

1 

(lyaa. 

!*y** 

Aw*, 

/ 

tek, 

y,VW»- 

J***. 

k-* 

] 

iVi 

fat* 

k 

jk^, 

K 

It* 

k 

!i 

%uv 

•m 

j 

«■  <*- 

-V 

1 

**•**■*•*■ 

/r»Vw. 

"TBBI  -* 

i; 

•jfc .- . 

•j 

j 

Ab** 

1 

i] 

/***#•♦*« 

fj 

Ife * 

i 

,«M0WV4. 

fy.>yy. 

|ij  - , 

.-w* 

JR&6*. 

&S#*I 

m»v< 

ken 

fftv. 

«k* 

W£Vis 

1: 

r“-  a. 

NlPA 

)S/w% 

c 

I 

ij 

•*w* 

k 

ill 

3&M 

.fet* 

:k 

£ 

L 

u 

*■ 

'iffiMS! 


warns 


— 1 — 

! 

■■"IV’1? 

1 

I 

'•*']■  ■ 

I 

i 

1 

1| 

...1 ... 

'BK: 

..j. 

4 • 

. . 1 . 

1 

- - 

j • 

T 

I 

_ 

• .• 

• 

. 1.  . 

j 

l 

i 

■ 

» 

t 

i 

*T‘“ 

...  | 

1 

1 . J 

1 



r 

m 

[i  i 

4H2B 



V- 

. 

i 

1 — 
i 

r 

t 

i 

< 

i 

i 

L . 

I 

i 

» 

i 

j 

_i 

Lj 

I , 

i - 

] 

1 

i 

i 

j 

i 

i 

J 

i — 
i 

I 



! 

A 

— 

I 

! 

Li 

k.  ! 

l€fi£ 

| 

KtA  j 

ift 

\ 

1 

I ’ ' 

-j 

i 

1 

“1 
■ j 

’ 

T ”1 

j 

"l 

: 

j 

. . , 

i 

T 

1 

* 

. 

■ 1 

. 

t 

in; 

ini 

■i 

HI 

HI 

iii 

T 

§ 

U-J 

' 

I 



• 

• ••• 

! 

s 

....  j 

L_ 

J , 

r 

• 

, l 

a! 

..... 

! 

OL  . 

• 

...t. 

r i 

j.:... 

_____ 

— — — 

H 

• 

1 

* 

U Jw 

n 

i" 

J : 

[ 

... 



“7" 

; 

— 

_ 

.... 

. |.  . 

- f - 

i i 

•n 

i 

1 

i 

i 

‘"1“ 

■ ~ 



• i - 

— 

! 



HpT  FQX  N*E  nCOUE^CY  ANALYSES 
BASELINE  iL/li-BLAflES  OFF  j ROT*  «* 
VI  160  IP  1 7 1 


CM  PARAICTER 

66  ALPHA 


T 

L, 

•~1 

...J 

1 

i 

...  . 

— — 

J 

i 

• 

, 

1 

i 

.. . 

j- 

i 

mm 

| 

Li_ 

i 

i. . 

3 8®^- 

' 

i 

— i — 

i 

-1  • 

• 

r " 

! 

i 

i 

j 

! • ! • 

t-  • 

L 

i 

i 

l 

1 

r 

! ; 



i 

r ] 

L 

1 

I..X  .. 

i 

; 

! i 

; i 

. .. . . 

t j 

! r ' 

1 

j.  - . 

• 

r 

i. 

« 

i ..  ; 

. 

... . ^ 

i 

■ 

. . .. 

— 

i 

i 

! 

- . . 

" ! " 
i 

' ] 

. 1. 

...  m 

■H 

i.n 

i 

i i 

...  4 

i 

i 

i 

i 

i 

i 

. i 

-44-4 

I 1 

1 ",  i 

■ -1 

“1 
. J 

i 

1 

— j 

ImMI 


SeUvHdIV-A  JR3WHWT  AIUBTUA  A-X 


HOT  FILM  FflEQUEfCT  Alt* LYSJS 
BASELIHt  BAF-BLAOESOFF.  hot.  hub 
RUM  lffl  TP  9 


LEGEND 

CH  PAHAMF.TCR 

66  V-ALPHA 


a*  ry 


Ilf 


(E^*4LLj7.A’iRBj 


a'kiySuSJUkll 


HOT  FILM  WKE  FREOUEMCY  AMALYSJS 
BASELINE-**  WITH  5TIPF  PITCH. 

SUN  156  TP  Si 


ch:  parameter 

66  ALPHA 


SJKSSBgBjKZ 


* r - 
» 

I ATFRAI  n nr  kltnf.  BETA  4 


ir  FILM  FREQUENCY  ANALYSIS 
ELINE-HUB  WITH  STIFF  PITCH  aNUS- 
RUN  15|5  TP  ’ 7 


— CN 
65 

i-ssrte- 

' L i... 

— 1 T 1 

1 l?t)-  ; 

lM 

FSEBBCY  - | 

HZ 

• 

! : f ! 

j ,1 

07*  ■ 

ml  j 

u 3 

Ul 

rar 

' ‘ ■'  *'  1 

....  r.  r | ■ 

. - - .j  . . . . 

- - .. 

— 



— 

• 

- . . 

T 

; 

. J 

! 

' 

13 

Ul 

i 1 . ; • 

i 

HPT  Fit*  «MC  FNEflUENOf  ANALYSIS 
fiA6ELI»€>HJP  WIFit  -SlIEf  £ItCR  A8t€ 
PUN  156  TP ! 6 


V -ALPHA 


pB  * 

Sv 

■ W'uH 

Bf 

Higl 

J| 

flgK 

■ i 

Si 

SIR 

BSI  s 

1 

ucasaEggasasaa 

in 

rr 

1 

1 

L 

I 

1 

1 

- J 

i 

T. 

• ! 

i 

l 

f" 

. 

■■  1 

- -i 

•i 

! 

• i— 

■ i 

j 

!• 

-1- 

i 

- 

' 

__ 

i 

• • 

r*‘  1 

1 

! 

' i 

• -i 

L L'j 

1 

L 

i 

• 

i 

.1 

' i 

| 

rr 

--.j-... 

j 

— i — 

! 

;2|  j I 

pp 

nr??r] 

m 

■ 

H 

■9 

Jm 

m 

B 

gi 

sitt 

wM 

gg 

n 

gi 

gg 

g 

g| 

g 

gj 

§§g 

191 

gi 

|g 

g 

g 

gg 

yg 

g| 

|g 

g 

gj 

g g 

jig 

g| 

fg 

g 

HI 

g|p 

jig 

gi 

|g 

g 

g 

H 

Hi 

Kg 

|g 

g 

gi 

gg 

ig 

g| 

gg 

g 

gjj 

jig 

g| 

|g 

g 

HI 

gig 

fig 

HI 

ig 

HI 

pig 

lg 

g| 

|g 

gj 

gg 

ip 

g| 

|g 

g 

fig 

yg 

Hi 

fn 

g 

gl 

riH 

fig 

gi 

gg 

gj 

f §g 

Mfl 

gi 

ig 

gj 

j Ig 

pg 

gi 

|g 

ij 

gj 

j«]j 

Ijjg 

|g 

ili 

Mrl 

I jg 

mlt 

ijjj 

sfi 

fij 

ilii 

!ifj 

[UJjj 

IB  IwiiP 

fj!j]| 

i 

_u 

V i 

i 

i 

T “■  '1 
i 1 

T 

i 

l 

r " 

i 

i 

| , 

j 

1 

1 

h 

ri 

! 

J 

r 

j 

n 

i 

j 

t 

t 

BF9 

fti 

J 

: 

a 

\m 

IMF 

s 

S 

9 

1 BLB 

, ; 

3 

- 

e 

V 

fl 

= 

ISIS 

ili 

. 

n 

— 4 

Hi 

HI 

HI 

IS 

BIB 

m 

iisi 


>rM9l 


HOT  FILM  WAAL  FREQUENCY  ANALYSIS 
BASELINE  B/U-BLAPG*  OFF>NDN-flOT-  NUB 
RUN  19  TP  9 ; 


liiifflmlra 


BwT 

ijBi 

mmmm 

HfT 

5i 

ii 

|i 

li 

|! 

1 

|l  I 1 

l - - - 

{ 

i 

i 

1 

... 

- 

i 

j 

i ..  .. 

• 

r 

- 

S 

*! 

h 1 

T1 

: 



r i *" 

i 

j 

4 

J_ 

r 

i 

; 

: 

_L.  . 

\ 

t “1 

1 

. 

j 

1"  H 
,L_ 

* i"* 

i 

j 

! - - 

1 

I 

I 

..  .1.  _ 

i 

II 

1 

i 

.! 

1 

h_r_ 

■ A ! 

_L„ 

. i . 
i 

. . L 

i 

i 

. 

aTTT 


66  V-ALPHA 


HOT  FILM  WAKE  FREOJEiCY  ANALYSIS 
BASELINE  B/U-BLADE6  OFF»NON-fiOT*  NUB 
RUN  1SB  TP  9 


CH  PARAMETER 

66  V-ALPHA 


HOT  FILM  »AH£  FREOJENCY  ANALYSIS 
BASELINE  B/U-BLAOCB  OFF .NON-HOT-  NUB 
RUN  tSB  TP  9 


CH  PARAMETER 


i 

. 

as-  • 

..... 

-j  ....  - *■  i T * * 

i : i i i 1 ! i i 1 i 

4 

♦ - 

1 

i 

J 

* 

• 

1 * I 

i 

i ; 

I 

| 

rw 

Lrf*  ’ 

L 

' . ! 1 ! ; 

- - -*  + j 

• 

Lh 

>< 

L i 

r | ; i 1 ; i • ; ' 

j 

t 1 
1 



.J 

: . : ! 

— 

1 

J. 

.. 

"i ! v ; . r ■ r i 

— 

i 

| 

• 1 ! 

4 : ; » * • ! t 

• 

__  . 

- i 

.lit  * 

l i J.  .1..  i ' , ...  i 

h— 

i 

— 

-4 

• 

L 

I , , - . — 

! . j , 

i 

as 

j 

L-.  J 



OOO- 

B4 

*•  i ; *•  *• 

f . 

-J 

1 

— i-J 

I 

_.L  L i...;  _L  .!.  LJ 

... 

. . 

i — 



3iT? 


1 

• 

: LEGEM) 

r«  PAfiAurn 

■ 

to 

. 

r — n 

• - 

— , 

: 66;  ALPHA 

! i i 

• 

i 

j 

r ] 

■ 

i 

n 

„ ..j 

i 1 ■ 

i ; 

i 

1 ; i i ; • 

! 

. . L. 

; 

i 

i 

i 

— j 

AD-A062  639 


UNCLASSIFIED 


BOEING  VERTOL  CO  PHILADELPHIA  PA  p/G  1/3 

INTERACTIONAL  AERODYNAMICS  OF  THE  SINGLE  ROTOR  HELICOPTER  CONFI — ETC ( U) 

DAAJ02-77-C-0020 


USARTL-TR-78-23G-V-7A 


SEP  78  P F SHERIDAN 


1 

j ■„ 

D ?r' 

t-  - 

\ 

• 

c 

L.  2 

Wr  ’ 

• 



5 

.1* 

1 : 

L 

_ 

■"j  • 

H 

r*“' 

5 

c 

LL 

• {• 

. 

! 

. 

w 

. 

Nr-- 

g 

_ 

g 

3 

• 

irt 

r ■ 

- <r  - 

i 

-■ 

•;  • 

■ ; .. 

m 

• 

" 

- 

uc 

- 

L 

■ -} 

W 

A /I 

m 

-flB 

on 

c 

W 

w 

|| 

; 

L 

r J 



Xu 

CM  PAA/JCTfX 


K* 

H? 

9bb  '• 

I "■ 

jni 

' 

Mi 

Mi 

fl 

m 

5 

i 

fli 

ill 

i 

8! 

■8 

i 

Mj 

7r3i 

•VaI 

By7 1 * „ 73CIT^URiiHBHHlHHM|HII 

SS 

SeI 

He.  j- 

nrrn 

sb 

HPT  FILM  WAKE  FRfcflUEJ'O  AtfALYSIS 
BASELINE.  H/U-BUPES  OFF « HUB  OFF 
RUN  159  TP  2 


CH  PARAMETER 

66  V-ALPHA 


1 

j 

1 

i * 

f 

.. . . . 

. 

— 

— a 

u. 

< 

L.  a. 

09* 

• 

06» 

r — - jo?-  ■ 
i 
i 

.inc 

) 

• 

j-  . .a . 

* , i 

j . i 

i . * r 

. . . -i i- . .1  . j . . 

. i 

♦ i t_  — 

< • i 

; i|i. 

3* 

1 

> 

IK. 

- ■ 

I 

!.  . 

\ 

i 

i 

! 

L ...  l . 

1 

' ' ' ; 7 ■ 

..  : i j i ; • 

| 

. . » . .« 

± 

f ! . 

L j . . ........ 

i I i 1 

1 i | 

; 

r* 

r 

. . . . ’ • . ; j . .L 

...  r- 

4 ... 

~ 

*- 

' 

B 

i 

j L 

i ! i . i " 

...  i ...  ; . i i 

T 

I 

)„ 

1 

X 



i 

na_  . 

i 

l 

[ 

. 

1 ' 1 ■ ! 

•j  • ! 1 

1 

. 

: 

_4..: 

. 

- - 

1 , 

•| 

i 

: i ! ! 1 

j 

; 

p... 

' 

L — 

i 

r 



•• 

IT1 

i 

....... 

. i ! j 

• ! j 

1 

r-  . - 

S3*-- 

- — — - 

i ! 

* ••  - •*  *!- — 

l ! 

I 

. .1.  ‘ 

\~T' 

! 

1 

j 

r"  “ 

i 

j J 

■ 

l—l 

1 i._. 

: Y j : ! ! • 1 

L * " * 

1 

. j 

r 1 

l 

! j 

- 

- M 

L'jL 

. . ! . 

■ ! 1 J L J. 

\ • 

_ i . 

~.l  ..  1 

J 

I 

j 

— 

Aa. 

M 

mmm  |gM| 

Elf’S 

T 

J 

i “1 

.. 

. ..J 



1 

1 

i 

. 

LJ 

... 

— 

T i T \ T M 

n8p-I«T.  I T: 

- ...... 

1 

r~ 1 

1 

I gpfl 

10 

~ 

. “| 

— : — 

J k_H 

h- . chJ 

--PAI 

lAlCU 

Efl 



• 

M 

66 

h v- 

mpha 

LL 

l-  - 

;. . 
j 

. J 

1 • 

L ...« 

. 

r 

• 

T 

1 

1 

f 

' 

. 

; 

t 1 

j 

T 

I_L.| 

LL 

• 

. 

' 

r I 

i 

* ' 

1 ! 

j 1 

...  . . 

' 





Li 

T 1 

• 

. 

: 

j 

• » 

Sj 

n 

1 

8 

n 

m 

p 

pj 

§8 

w 

■ 

HI 

g§ 

HI 

H 

w 

■ 

pj 

■fl 

a 

* 

l 

■ 

B 

fl 

fl 

9 

1 

B 

■ 

fl 

fl 

9 

B 

B 

■ 

m 

a 

9 

fl 

i 

■ 

B 

B 

m 

fl 

i 

9 

B 

fl 

1 

B 

a 

fl 

m 

fl 

i 

fl 

9 

B 

a 

■ 

B 

■ 

B 

9 

91 

fl 

fl 

B 

B 

B 

9 

fl 

fl 

fl 

fli 

1 

fl 

fl 

0 

06 

i 

fl 

ES^5li3 


rrrTTW 

Hi: 

3BI 

■m 

■ -iniiTi 

m 

HOT  FILM  WAKE  FBEflUENCY 
BASELINE.  B/U-BLADCS  QFF, 


